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BigHOBIIEHHS TKaHWUH OIOPHO-PYXOBOTO Aamapary
€ aKTyaJIbHHM HAaIpsIMKOM Cy4YacHOi pereHepaTuBHOI
MenuIHU. [lepCreKTHBHUM MUISIXOM € 3aTyYeHHS B
MEIUYHY TPAKTHKy ITOCSTHEHb MOJEKYISIPHOI Ta KIli-
THHHOI 010JI0TIi, 30KpeMa 3aCTOCYBaHHS KPiIOKOHCEPBO-
BaHUX MYIBTHIIOTCHTHHX ME3EHXIMATbHUX CTPOMAalIb-
HuX kinitiH (MMCK), orpuMaHuX i3 pi3HHX JDKEpen
[1-4]. BunineHns, KyJIbTHBYBaHHS Ta KPIOKOHCEPBY-
BaHHS KJIITUH ME3€HXIMAJIbLHOIO IOXOMKEHHS € OC-
HOBHUMH €TaraM# OTPHUMaHHS KIITHHHOTO Marepiaiy,
SIKM BUKOPUCTOBYEThCS B PEreHEPATHUBHIA MEIUIIUHI
JUIA Teparii naTojorii pisHoro reuesy [5, 6]. s 3a6e3-
MeYCHHs 0a3u HAIIMX NOAABIINX JOCIIIKEHb Ta BUOO-
Py Kpamioro Jpkepena KITHH U Teparrii yIIKOIKEHb
TKaHHH OMOPHO-PYXOBOTO arapary OyJio mpoaHaji3oBa-
HO 1 MOPiBHSIHO MOP(HOPYHKITIOHATBHI XapaKTePUCTUKH
HaTHBHHUX 1 KpiokoHcepBoBaHnXx MMCK miypiB, otpu-
MaHUX 13 XPAIIOBOI Ta )KUPOBOT TKAHWH.

Meta po0OOTH — TIOPIBHSUIBHA OIIIHKA BIUIMBY Kpio-
KOHCEpBYBaHHS Ha (heHOTHII 1 (pyHKIIOHANbHI BIACTHU-
BOCTI MYJIBTHIIOTCHTHHX ME3CHXIMaJIbHUX CTPOMAJIb-
HUX KIIITHH 13 PI3HUX JDKEpeT.

ExcriepuMeHTabHI TOCTIAKEHHS TIPOBEICHO 3 JIOTPH-
MaHHSM BHMOT TYMAaHHOTO CTaBJICHHS IO IIiIOCIIiTHHUX
TBapHWH, perIAMCHTOBAaHMX 3akoHOM Ykpainu «IIpo 3axuct
TBapHH BiJl )KOPCTOKOTO MOBOKEHHD (Ne 3447-1V Bin
21.02.2006 p.) Ta «EBPONCHCHKOI KOHBEHIIIEI TIPO
3aXHCT XPEOCTHUX TBAPWH, SKI BHKOPUCTOBYIOTHCS JUIS
JIOCJTITHUX Ta 1HIIMX HAyKOBUX I1iiei» (CtpacOypr, 1986).
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Restoration of the musculoskeletal system tissues
is an important area of modern regenerative medi-
cine. A promising way is to involve into medical
practice the achievements of molecular and cell bio-
logy, in particular the use of cryopreserved multipo-
tent mesenchymal stromal cells (MMSCs), obtained
from various sources [1—4]. Isolation, culturing and
cryopreservation of cells of mesenchymal origin are
the main stages of obtaining the cell material used
in regenerative medicine to treat the pathologies
of different genesis [5, 6]. To provide a basis for
our further investigations and selection of the best
source of cells for the treatment of musculoskeletal
tissue damage, the morphofunctional characteristics
of native and cryopreserved rat’s MMSCs derived
from cartilage and adipose tissue were analyzed and
compared.

The research was aimed to comparatively assess
the influence of cryopreservation on the phenotype
and functional properties of multipotent mesenchymal
stromal cells derived from different sources.

Experimental studies were performed in comp-
liance with the requirements of humane treatment of
experimental animals, regulated by the Law of Uk-
raine ‘On the Protection of Animals Against Cruelty’
(Ne 3447-1V of 21.02.2006) and the European Con-
vention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes
(Strasbourg, 1986).
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[lepBUHHY CyCHEH3iI0 KIITHH 13 >KHPO-
Boi (OKT) Ta xpsmoBoi (XT) TkaHuH 11ypiB
OTpUMYBaIX 3 O10MTATIB MIISIXOM (hepMeH-
TaTuBHOI 00poOKu [7]. CyOKynIbTHBYBaHHS

Tabnuusa 1. LlutodpnyopomeTpryHuiA aHania HaTUBHUX
i kpiokoHcepsoBaHux MMCK XT T1a XT (%, M = 0)

Table 1. Flow cytometry of native and cryopreserved AT and CT

MMSCs (%, M £ o)

MIPOBOJIUIIN JI0 TOCATHEHHS MOHOIIAPY KYJb-
. pyna A in V-/7AAD- | A inV*/7AAD- Annexin  V*/7AAD*
typamu MMCK KT Tta XT 3 HacTynHuM ix Group nnexin nnexin Annexin V-/7AAD*
KpilOKOHCepBYBaHHAM miJ 3axuctoM 10%
JIMCO («ITanEko», Pocis) 3 nomaBaHHSIM
0 . . . MMCK T
20% emOpioHanbHOI cupoBaTKu. LIIBUAKICTD AT MMSCs 81,21 + 12,90 4,39 + 1,57 14,40 + 4,27
oxonomkeHHsa cxiagaina 1°C/xs no —80°C
13 TIONANBIIAM 3aHYPEHHSM Y PiIKHAN a30T
L - KoMMCK MT | 71 35 + 6,73+ 5,29 = 1,25 23,36 + 3,22*
[7]. Bimirpie kpiokoncepBoBanux MMCK AT cMMSCs 00 o= o0 E S
(KpMMCK) 3nailicHroBaiu Ha BOJASIHINA OaHi
npu 40°C no mosiBU piakoi ¢asu. Buna-
p A pimoi ¢ A C’\f'rMNC“\’jlgg 81,96 = 4,32 5,32 + 1,49 12,72 + 4,12
JIEHHsSI KPIOTPOTEKTOpa TMPOBOMWIM IS~ s
XOM JIoJlaBaHHA po3unHy XeHkca («PAA,
ABcTpis) y cmiBBigHOmeHHI 1:9 3 HacTyn- réel'“f:,\l\//lI%/IKS)él— 74,08 + 1,45 5,80 + 1,75 2012 + 8,12*
HUM ULeHTpudyryBanHam npu 250g mpo-

TATOM 5 XB.

Y MMCK i3 nocnipkeHux JKeper 10 Ta
iCNsT KPiOKOHCEePBYBAaHHS BHBYAIH (HEHO-
tun (CD44-FITC, CD45-FITC, CD73-FITC,
CD90-FITC, CD105-PE) Ta npornecu aron-
To3y/Hekpo3y (Annexin-V-FITCta7-Amino-
Actinomycin (7AAD)) Ha npoTo4HOMY IUTOIIYOpH-
MmeTpi «FACS Calibur» («BD Biosciencesy, CILIA)3rigHo
3 iHCTpyKui€lo ¢ipMU-BUpOOHMKA. PesynbTaru anamizy-
BasH 3a jonomororo nporpamu «Win MDI v.2.8». IIpo-
nieparuBHO-Mirpariiiauii noreHuian MMCK Bu3Haua-
71 32 TX 371aTHICTIO /10 3aIIOBHEHHS JIe()eKTy MOHOMIApY
MpH KYJIBTUBYBaHHI 3a MeToaoM Liang Ta cmiBaBrT. [8]
y Hamiii mommdikamii. HaTuBHI Ta KpiOKOHCEpPBOBaHI
KIITHHH y KiTbkocTi 1,5 X 10° ki1/cm? BuciBanu B 6-J1yH-
KOBI TUIAQHIIETH 1 KyJIBTHBYBaJM TipoTsroM 10 nmi6 g0
YTBOPCHHS KOH(IFOEHTY, IICIs YOTO0 HAHOCHIIH JIe(heKT
po3mipom 2 % 0,1 cm. Ha 4 ta 7-y nobu BU3Hauamu
[ITBHICT KITITHH Y 30H1 AeekTy. 3HATyIIiCTh BiAMiH-
HOCTEW MiX TpylamH OI[iHIOBAJIM 32 JIOTIOMOTOK) KPH-
Tepito MaHHa-YiTHI 3 BUKOPHCTAHHAM Iporpamu «Sta-
tistika 8» (StatSoft Inc., CILIA). KputnuHe 3HaueHHS
piBHS 3HauymocTi npuitmanocs pisauMm 0,05.

n=25).

n=25).

AHani3 OTpUMaHUX pe3ylbTaTiB MOKa3as, 110 Bif-
HOCHA KUTBKICTh JKMBUX KIiTHH Annexin V-~ /7AAD~
3HIKyBaJlacs IICsT KPIOKOHCEPBYBAHHS: y BUITAIKY
KpMMCK XT na 9,86%, KpMMCK XT — na 7,91%
nmopiBHsAHO 3 HaTHBHUMH MMCK 13 BiAMOBIAHUX JIKe-
pen (tabn. 1). BimHocHa KUIBKICTH KIITHH Annexin
V*/TAAD™ (panns cragis amonto3dy) B KpMMCK XT
ta XT 3Havymie He BiJpi3HsIIACs BiJl MOKa3HUKIB y Ha-
TUBHHUX 3paszkax. ITokasnumk Annexin V*/7AAD* Tta
Annexin V' /7AAD" xmituH (mi3HI cTamii amomnrtosy,
HEKpPO3) 3Hauylle 30UIbIIYBaBCS MICIS KPIOKOHCEPBY-
BaHHS Ha 8,96% y Bumagky MMCK XT Tta Ha 7,4%
y Bunagxy MMCK XT.
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MpumiTka: * — pi3HMUA 3Ha4YyLLa BIGHOCHO HATUBHUX KNiTuH (p < 0,05;

Note: * — difference is significant relative to native cells (p < 0.05;

Primary suspension of cells from rat’s adipose
(AT) and cartilage (CT) tissues was obtained from
biopsies by enzymatic treatment [7]. Subculturing was
performed until AT and CT MMSCs cultures reached
the monolayer, followed by their cryopreservation
under 10% DMSO protection (PanEco, Russia) with
the addition of 20% fetal serum. The cooling rate was
1°C/ min to —80°C with subsequent immersion into li-
quid nitrogen [7]. Cryopreserved MMSCs (crMMSCs)
were heated in a water bath at 40°C until the appearance
of the liquid phase. Removal of the cryoprotectant
was performed by adding Hanks’ solution (PAA, Aust-
ria) in a ratio of 1:9, followed by centrifugation at 250g
for 5 minutes

The phenotype (CD44-FITC, CD45-FITC, CD73-
FITC, CD90-FITC, CD105-PE) and apoptosis / nec-
rosis (Annexin-V-FITC and 7-Amino-Actinomycin)
were studied in MMSCs from the studied sources
before and after cryopreservation 7AAD) with a flow
cytometer ‘FACS Calibur’ (‘BD Biosciences’, USA)
according to the manufacturer’s instructions. The re-
sults were analyzed using the ‘Win MDI v.2.8’ soft-
ware. The proliferation and migration potentials of
MMSCs were determined by their ability to fill the
monolayer defect when cultured by the method of
Liang et al. [8] in our modification. Native and
cryopreserved cells in the amount of 1.5 x 103 cells / cm?
were seeded in 6-well plates and cultured for 10 days
to form a confluent, after which a defect of 2 x 0.1 cm
was applied. On days 4 and 7 the cell density in the
defect area was examined. Significance of differences




Tabnuusa 2. Bnnue kpiokoHcepByBaHHA Ha peHoTun MMCK XXT ta XT (M + o)
Table 2. Influence of cryopreservation on phenotype of AT and CT MMSCs (M * o)

PieeHb ekcnpecii mapkepa, %
Expression rate, %
3pa3sok
Sample
CD 44 CD 45 CD 73 CD 90 CD 105
MMCK KT
AT MMSCs 93,4 + 0,6 0,8 £0,3 90,7 £ 0,5 89,2 £ 0,9 95,1 £ 0,8
KpMMCHK T
AT cMMSCs 82,3 £ 0,67 0,6 +0,3 88,7 + 0,7 85,4 + 0,6 92,2 + 0,3
MMCK XT
CT MMSCs 96,1 + 0,3 0,6 £ 0,1 89,6 £ 1,1 92,1 £ 0,7 94,4 £ 0,6
KpMMCK XT .
CT cMMSCs 87,3+ 05 0,4 = 0,1 87,6 + 1,5 92,6 + 0,4 92,6 + 0,3

MpumiTka: * — pisHNLS 3HavyLLa BIAHOCHO KyNsTUBOBaHMX KNiTWH (p < 0,05; n = 5).
Note: * — significant difference relative to cultured cells (p < 0.05; n = 5).

JocmipkeHi HaTUBHI KYJABTYPU XapaKTepH3yBaIUCs
tunoBuM it MMCK (heHOTHIIOM 13 BHCOKUM piBHEM
ekcrpecii (= 90%) CD 44, CD 90, CD 73, CD 105 Ta
HU3BKUM piBHeM ekcrpecii (< 1 %) reMomoeTnaHoro
mapkepa CD 45 (tabm. 2).

[Ipote B 3pazkax KpMMCK XKT i XT cmocrepira-
JIM 3HAUyIe 3HWKEHHs KutbkocTi CD 44" KiTHH 1m10/710
HatuBHHUX aHajoris Ha 11,1 Ta 8,8% BigmosigHo. Bigo-
Mo, mo mapkep CD 44 BinnoBigae 3a 0CHOBHI (yHKIIT
KIIITUHH, cepell sIKUX aare3is, XOyMiHT y nepugepudHi

300
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200
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100 - x

LinbHicTb, kKn/MMm?
Optical density, arb. units

50 A

0 T T T
1 2 3 4
Bnnue KpiokOHcepByBaHHS Ha MirpauiHy akTUBHICTb
MMCK XXT i XT: O — 4 poba, m— 7 poba; * — pisHnusa
3Havyla BigHOCHO HaTUBHUX KNiTUH (p < 0,05; n = 5);
1 — MMCK XT, 2 — KpMMCK XT, 3 — MMCK XT,
4 — KpMMCK XT.

Influence of cryopreservation on migration activity of AT
and CT MMSCs: o — 4 days, @ — 7 days; * — difference
is significant relative to native cells (p < 0.05; n = 5);
1 — AT MMSCs, 2 — AT ¢crMMSCs, 3 — CT MMSCs,
4 — CT crMMSCs.

between the groups was assessed by the Mann-Whit-
ney test using ‘Statistics 8’ software (StatSoft Inc.,
USA). The critical value of the significance level
was assumed to be 0.05.

Analysis of the findings showed that the relative
number of living cells Annexin V- / 7AAD™ decrea-
sed after cryopreservation: in case of AT ¢cMMSCs
by 9.86%, CT cMMSCs — by 7.91% compared with
native MMSCs from the relevant sources (Table 1).
The relative number of Annexin V'/7AAD ~ cells
(early apoptosis stage) in AT and CT ¢rMMSCs did
not differ significantly from the values in native
samples. The index of Annexin V*/7AAD* and Anne-
xin V//7AAD" cells (late stages of apoptosis, necrosis)
increased significantly after cryopreservation with
8.96% for AT MMSCs and by 7.4% in the case of CT
MMSCs.

The studied native cultures were characterized
with a typical for MMSCs phenotype with a high
expression rate (= 90%) of CD 44, CD 90, CD 73,
CD 105 and a low level of expression (< 1%) of he-
matopoietic marker CD 45 (Table 2).

However, in the samples of AT and CT crMMSCs
there was observed a significant decrease relative
to native analogues of the number of CD 44" cells
by 11.1 and 8.8%, respectively. It is known that
the CD 44 marker is responsible for the main func-
tions of cell, including adhesion, homing of cells
to peripheral and lymphoid organs and foci of
inflammation, cell activation and increased produc-
tion of cytokines and growth factors [2].

The results of determining the migratory activity
of AT and CT MMSCs (Figure) showed a probable
rise in cell density in the defect area during culturing
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Ta JMiMQOIHI OpraHM Ta BOTHUINA 3allaJiCHHS, aKTH-
Ballisl ¥ 30UIBIICHHS MPOMYKIIT UTOKIHIB 1 (haKTOPiB
pocry [2].

Pesynbrati BU3HAUCHHS MirpamiiHoi aKTHBHOCTI
MMCK KT y XT (puCyHOK) CBiJUMJIHM TPO 3HAUyIIEe
301MBIICHHS HIUIBHOCTI KIITHH B 30HI JAe(eKTy Hpu
kynastuByBaHHI MMCK XT BignocnHo MMCK XT
Ha BCIX CTPOKaX CHOCTEPEKECHHS.

Ha 4-y mo0y mocmimkenns y KpMMCK XT Ta
KpMMCK XT crnocrepiranu 3HWKEHHS IIJIBHOCTI BiJI-
HOCHO HaTMBHHX aHajoriB y 1,3 ta 1,2 pasu Biamno-
BimHO. OJHAK 3HAYYIIMX BIAMIHHOCTEH y MirpamiiHii
AKTUBHOCTI Ha 7-y 700y MK HATUBHUMH Ta KPiOKOH-
cepoBanuMu MMCK 13 000X JOCTiKEHHUX JKEepeT He
CriocTepiraiy.

TakuM YUHOM, TPOBEACHE MOCIIKCHHS BILUIMBY
HU3BKOTEMIIEPATYpPHOTO KOHCEPBYBaHHS Ha MOpQo-
(byHKUiOHANBHI XapakTepucTuku Kyasryp MMCK, or-
PUMaHUX i3 KHPOBOI Ta XPSAIIOBOI TKAHHH, ITOKA3aJlo,
oo X KpIOKOHCEPBYBAaHHS i3 3aCTOCYBaHHSIM HHU3BKOI
mBuaAKoCcTI oxonopkeHHs 1°C/xB 10 —80°C 1 cepeno-
Buma KpiokoHcepByBaHHSA (10% JAMCO Tta 20% em-
OpIOHATILHOI CHPOBATKHN ) HE MPU3BOIUTH JI0 aKTHBI3aIlil
MIPOIIECIB aroITo3Y, J103BOJIsE 30eperTn (heHOTH 1 31aT-
HICTh J10 Mirpanii. OfHaK IpHu NOPIBHSUIEHOMY aHai31
[IUX XapaKTepUCTHK OyJI0 BCTAHOBIICHO, IO SIK HATHB-
HUM, TaK 1 kpiokoHcepBoBanuM MMCK XT Brnactuswuii
HU3bKHIA Mirpamiifanii motenuian BiznocHo MMCK XT
[4-5].

Pesynomamu  nposedenoco 0ocniodcents moxucyms  Oymu
BUKOpUCMAHT O CMBOPEHHS KPIOOANKY aymonociunux cmoeoy-
POBUX KIIMUH CIPOMATBLHO20 NOXOOMCEHHS 3 MONCIUBICIIO IX
Nn00AIbLULO20 PAYIOHATLHO20 3ACMOCY8ANHA 015 hompeb biomex-
Honoz2ii ma KAimunHoi mepanii YWKoO#ceHb ONOPHO-PYX08020

anapamy.
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of CT MMSCs relative to AT MMSCs at all obser-
vation periods.

On day 4 of the study in AT and CT crMMSCs
here was observed a decrease in cell density rela-
tive to native analogues by 1.3 and 1.2 times, respec-
tively. However, no significant differences in the
studied index on day 7 between native and cryo-
preserved MMSCs from both studied sources were
observed.

Thus, a study of the effect of low-temperature
preservation on morphofunctional characteristics of
MMSC cultures derived from adipose and cartila-
ge tissues showed that their cryopreservation using
a low cooling rate of 1°C / min to —80°C and cryo-
preservation medium (10% DMSO and 20% emb-
ryonic serum) did not lead to apoptosis activation,
allowed to preserve the phenotype and ability to
migrate. However, when these characteristics were
comparatively analyzed, it was found that both native
and cryopreserved AT MMSCs had a low migra-
tion potential relative to CT MMSCs [4-5].

This study results can be used for establishing the cryo-
bank of autologous stem cells of stromal origin with their
further possible rational use for the needs of biotechnology
and cell therapy in musculoskeletal injuries.
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